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The Yellow Mud Turtle, Kinosternon flavescens, is listed as state endangered in Illinois and has 
suffered severe declines throughout its Midwest range. Trapping surveys were performed to document 
the presence and distribution of K. flavescens inhabiting Mason and Tazewell counties, Illinois. Previous 
trapping in the study area from 1992-2001 resulted in a catch per unit effort of 0.1013 compared to recent 
studies conducted from 2007-2009, that resulted in a catch per unit effort of 0.0120. The results of recent 
trapping suggest a decline in numbers of K. flavescens in the study area despite protection of suitable 
habitat. 
The study area lies in the central Illinois range of K. flavescens, where much of the landscape has 
been modified for agricultural use, leaving very little terrestrial habitat suitable for aestivation, nesting and 
overwintering. Because K. flavescens is a philopatric species it is important to focus initial habitat 
conservation on areas known to be used by K. flavescens. Based on radio-telemetry observations of 25 
K. flavescens, 40 terrestrial locations were identified as being suitable for aestivation, nesting and 
overwintering. These 40 locations occurred on grassland (38) or savannah (2) habitats and 37 of 40 
locations occurred on the Plainfield Sand Soil Series. Although conservation of habitat alone is not 
sufficient to recover K. flavescens in Mason and Tazewell counties, the identification and characterization 
of terrestrial habitats used by turtles is necessary for other recovery efforts to succeed.  
Because of the low numbers of individuals captured from small wetlands in a fragmented 
landscape, there are concerns that K. flavescens populations in the study area are vulnerable to 
problems associated with low genetic diversity and demographic stochasticity. Graph theory was used to 
model connectivity among wetlands in the study area. Two groups of wetlands, including all but one 
wetland where K. flavescens had been captured from 2007-2009, were identified as being connected by 
edge distances of 650 m or less. Understanding connectivity among wetlands in the study area will assist 
managers in focusing conservation efforts at the landscape scale and not on individual wetlands. 
Increasing connectivity among wetlands in the study area will help to increase genetic diversity and 
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CHAPTER I:  
Distribution and status of Kinosternon flavescens in Mason and Tazewell counties, Illinois 
 
Introduction 
The Yellow Mud Turtle, Kinosternon flavescens, is endemic to the Great Plains and western 
United States with isolated relict populations occurring in Illinois, Iowa and Missouri (Brown and Moll, 
1979). Kinosternon flavescens is a xeric adapted species that inhabits ephemeral and semi-permanent 
wetlands during its active season (Ernst and Lovich, 2009). The active season for midwestern populations 
of K. flavescens ranges from April through September depending on weather and hydroperiod of foraging 
wetlands (Christiansen et al., 1985; Moll, 1980; 1988; Tuma, 2006). Unlike many turtle species, K. 
flavescens spends most of the year dormant, burying into sand prairie habitat adjacent to wetlands used 
during the active season (Ernst and Lovich, 2009).  
In the 1970s, researchers began to voice concerns about the status of midwestern populations of 
K. flavescens (Dodd, 1983). As a result of these concerns and population surveys performed by Brown 
and Moll (1979) and Bickham et al. (1984), K. flavescens was added to the endangered species lists of 
Illinois, Iowa and Missouri (Dodd, 1982). Despite its listing in these states and the protection of suitable 
habitat, midwestern populations of K. flavescens have continued to decline. A status review of K. 
flavescens in the Midwest reported that only six of 16 population clusters originally documented remain, 
with severe declines observed in all six remaining population clusters (Christiansen et al., in press).  
In Illinois, the highest concentration of wetlands inhabited by K. flavescens occurs in Mason and 
Tazewell counties, near the town of Manito. This area has been referred to as the Manito cluster and is 
considered one of two remaining population clusters in Illinois (Christiansen et al., in press). The first 
reference to K. flavescens in the Manito cluster was by Kimberley et al. (1971) at Sand Ridge State 
Forest, referred to by its previous name as Mason State Forest. Surveys for K. flavescens in the Manito 
cluster were first conducted in 1976 by Don Moll (Moll, 1977). More extensive surveys were carried out by 
Ed Moll and his students at Eastern Illinois University from 1979-1988 (Ed Moll, Unpublished; Appendix 
A). Surveys were continued by Illinois Department of Natural Resources (IDNR) Natural Heritage 
Biologists from 1992-2001 (IDNR, Unpublished; Appendix B). Phillips and Readel (2007) provide a more 
extensive summary of known K. flavescens trapping surveys in Mason and Tazewell counties, Illinois. 
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The purpose of this study was to provide updated information on the distribution and status of K. 
flavescens in the Manito cluster. 
Methods 
The area studied consists almost entirely of small, privately owned wetlands in an agriculturally 
impacted landscape. I surveyed ephemeral and semi-permanent wetlands with a historical presence of K. 
flavescens or adjacent prairie vegetation on sandy soils (Bloomfield, Coloma or Plainfield sands). I 
located new sites using GIS data layers (National Wetlands Inventory; Soil Survey Geographic Database; 
National Agriculture Imagery Program) and confirmed suitability by ground truthing. Surveyed wetlands 
were uniquely numbered by Ed Moll and IDNR Natural Heritage Biologists and new wetlands were 
numbered based on the order in which they were first trapped, starting with #80 (Phillips and Readel, 
2007). Chistiansen et al. (in press) identified two sub-clusters of wetlands supporting K. flavescens 
populations in the Manito cluster, the Forest City and Green Valley sub-clusters, and their terminology will 
be used here. I have classified a third sub-cluster, the North sub-cluster, to include a group of wetlands 
that lie north of the town of Manito. 
I trapped from 2007-2009 during the active season when K. flavescens were most likely to be in 
aquatic habitats. Traps used for surveys were collapsible hoop nets (Legler, 1960) and spring steel 
minnow traps (ProMar ®) baited with chicken livers, sardines in oil, or cut fish. I placed traps along the 
shoreline of wetlands such that 1/3 to 1/4 of the trap was above water. Traps were checked daily and re-
baited every three to four days. 
I checked captured turtles for notches from previous surveys (Appendix A and B) and unmarked 
individuals were uniquely marked by carapace notching (Cagle, 1939). For each captured turtle, I 
recorded mass (+/- 1 g) using an electronic balance and carapace length (CL), carapace width (CW), 
shell height (SH) and plastron length (PL) to the nearest millimeter (+/- 1 mm) using metric tree calipers. I 
counted and measured annuli on the left abdominal plastron scute (+/- 0.1 mm) using electronic calipers. 
Turtles were classified as male, female or juvenile based on development of secondary sexual 
characteristics. Male K. flavescens differ from females by the following: a much larger tail, concave 
plastron and the presence of rough patches of skin on the inside of their hind legs (Ernst and Lovich, 
2009). I classified turtles with less than four annuli or lacking definitive characteristics as juvenile. I 
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calculated the catch per unit effort (CPUE) by dividing the number of K. flavescens individuals captured 
by the number of trap-nights (number of traps set multiplied by the number of nights traps were active). 
Results 
Twenty-seven wetlands were surveyed during the 2007-2009 field seasons. The average size of 
wetlands in the study area was 0.39 ha (SD = 0.48, n = 40). I trapped 5923 trap-nights and captured 52 
K. flavescens individuals from five wetlands in the Forest City sub-cluster, six wetlands in the Green 
Valley sub-cluster and two wetlands in the North sub-cluster for a CPUE of 0.0088 (Table 1). I classified 
wetlands in each sub-cluster into three categories based on the results of surveys in this study; not 
trapped, trapped with K. flavescens captured and trapped but no K. flavescens captured (Fig. 1, 2 and 3). 
The results of surveys with recorded trap effort carried out by IDNR Natural Heritage Biologists from 
1992-2000 have been reproduced here for comparison (Appendix C).  
IDNR trapping surveys in the Forest City sub-cluster totaled 375 trap-nights from 1992-2000 
(Appendix C) compared to trap effort in this study that totaled 3117 trap-nights from 2007-2009 (Table 1). 
The CPUE from studies between 1992 and 2000 averaged 0.1597 (Appendix C), while the CPUE from 
this study averaged 0.0072 (Table 1). Trapping in the Forest City sub-cluster during this study resulted in 
fewer captures of K. flavescens compared to IDNR surveys despite an increase in trap effort (Fig. 4). Of 
the 17 turtles captured from wetlands in the Forest City sub-cluster, 11 (64.7 %) were unmarked, 
including seven juveniles (Table 3). 
IDNR trapping surveys in the Green Valley sub-cluster totaled 169 trap-nights from 1992-2000 
(Appendix C) compared to trap effort in this study that totaled 2420 trap-nights from 2007-2009 (Table 1). 
The CPUE from previous studies between 1992 and 2000 averaged 0.2562 (Appendix C), while the 
CPUE from this study averaged 0.0141 (Table 1). Trapping efforts in the Green Valley sub-cluster during 
this study resulted in similar numbers of K. flavescens compared to IDNR surveys. However, this has 
required much more exhaustive trapping compared to previous studies (Fig. 5). Of the 28 turtles captured 
from wetlands in the Green Valley sub-cluster, 20 (71.4 %) were unmarked, including nine juveniles 
(Table 3).  
IDNR trapping surveys in the North sub-cluster totaled 51 trap-nights from 1992-2000 (Appendix 
C) compared to trap effort in this study that totaled 386 trap-nights from 2007-2009 (Table 1). No K. 
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flavescens were captured in the North sub-cluster between 1992 and 2000 (Appendix C), while the CPUE 
from this study averaged 0.0146 (Table 1). Trapping in the North sub-cluster during this study resulted in 
more captures of K. flavescens compared to IDNR surveys corresponding with an increase in trap effort 
(Fig. 6). Of the seven turtles captured from wetlands in the North sub-cluster, all were unmarked and 
none were classified as juvenile (Table 3). 
Average size of K. flavescens captured (mass, CL) was 263.0 g, 114.3 mm for males (n = 16), 
258.3 g, 109.9 mm for females (n = 20) and 26.0 g, 49.1 mm for juveniles (n = 16; Table 2). Of the 16 
juveniles captured, twelve (75 %) appeared to be yearling turtles, based on size and presence of a single 
annulus on the left abdominal plastral scute. 
Discussion 
Despite an increase in trap effort compared to previous surveys, I did not observe an increase in 
the number of individual turtles captured (Fig. 4, 5 and 6). The increase in CPUE for the North sub-cluster 
resulted from the discovery of a previously unknown wetland inhabited by K. flavescens. The differences 
in the ratios of unmarked to marked individuals between the sub-clusters can be attributed to the 
differences in trap effort expended in previous studies. The lowest ratio of unmarked to marked turtles, 
observed in the Forest City sub-cluster, corresponds to the highest level of trap effort expended in 
previous studies. The low numbers of turtles captured and low recapture rates prevent the use of 
traditional mark-recapture methods to estimate population size. However, the decrease in CPUE 
compared to previous studies suggests that populations of K. flavescens in the Manito cluster continue to 
decline.  
The decline of K. flavescens has occurred throughout the Manito cluster, even at wetlands where 
suitable aquatic and terrestrial habitats have been maintained in close proximity to each other. 
Conservation efforts to date have focused on the Forest City sub-cluster with the purchase of two 
conservation areas by the IDNR in the late 1990s (Bob Bluett, Personal Communication). Both areas 
consist of suitable wetlands and adjacent sand prairie habitat where K. flavescens had been captured in 
surveys carried out by Ed Moll (Appendix A) and IDNR Natural Heritage Biologists (Appendix B). One 
conservation area includes Wetland 6 and adjacent upland prairie suitable for aestivation. Surveys carried 
out by Ed Moll indicated that wetlands 6 and 39 had the highest numbers of K. flavescens in the Manito 
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cluster, with 41 individuals captured from 1979-1988 (Moll, 1988). However, surveys from this study at 
wetlands 6 and 39 yielded only two individuals; one live and one dead on the road (DOR) found between 
wetlands 6 and 39. The decline at these wetlands might be attributed to the presence of a road 
separating wetlands 6 and 39. Several studies have shown that turtles making terrestrial forays suffer 
from increased mortality caused by nearby roads (Gibbs and Shriver, 2002; Marchand and Litvaitis, 2004; 
Steen and Gibbs, 2004). Because K. flavescens make biannual migrations between aquatic habitats used 
for foraging and terrestrial habitats used for dormancy (Ernst and Lovich, 2009), this species is 
particularly vulnerable to fatal encounters with motor vehicles along roadways. The population of K. 
flavescens at the second conservation area including wetlands 7, 9, 9A and 9C appears to have been 
extirpated before being purchased by the IDNR with only one individual captured in 1993 and none 
captured in 1995, 1997 or this study (Table 1; Appendix B). 
The capture of 16 juveniles indicates that recruitment is occurring at some wetlands. However, 
juveniles were only observed from wetlands 39A and 53 in the Forest City sub-cluster and wetlands 16 
and 80 in the Green Valley sub-cluster (Appendix D). Like many turtle species, K. flavescens has low 
survivorship during the first few years of life. Iverson (1991) reported a survivorship of 19.1 % during the 
first year of activity. However, survivorship of K. flavescens juveniles increases rapidly, reaching > 80 % 
by year three and > 90 % by year six (Iverson, 1991). Many of the juveniles captured in this study 
appeared to be recently hatched and vulnerable to high mortality. Predation by raccoons and other 
mesopredators play an important role in limiting recruitment and survivorship of juvenile K. flavescens 
(Christiansen and Gallaway, 1984; Iverson, 1991). Christiansen and Gallaway (1984) found that efforts to 
remove raccoons from Big Sand Mound in Iowa increased the number of hatchlings successfully reaching 
drift fences. Future research should include estimating the numbers of raccoons and their impact on the 
recruitment of K. flavescens in the Manito cluster. If raccoons are found to be prevalent in the Manito 
cluster, removal of raccoons near wetlands inhabited by K. flavescens will likely increase K. flavescens 
recruitment and juvenile survival. However, increasing survival of juveniles is not sufficient to compensate 
for mortality of adult turtles (Heppell et al., 1996). 
Recovery efforts of K. flavescens are limited by the delayed sexual maturity and low reproductive 
potential of females. Female K. flavescens reach sexual maturity at approximately 11 years or 90 mm CL 
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with maturity more related to size than age (Iverson, 1991). Although all of the females captured in this 
study were large enough to be considered mature, I captured only five from the Forest City sub-cluster, 
nine from the Green Valley sub-cluster and six from the North sub-cluster (Table 2). The potential 
reproductive output of K. flavescens is low because of infrequent nesting and small clutch size. In 
Nebraska, Iverson (1991) estimated that 40-95 % of females nested annually based on proportion of 
gravid to non-gravid females captured at drift fences. Average clutch size of K. flavescens has been 
reported as 5-7 eggs (Iverson, 1991; Christiansen et al., 1984). The low reproductive output and small 
population sizes suggest that there may not be enough recruitment to replace the loss of adults. Because 
of K. flavescens’ life history characteristics and low numbers of adult females observed in this study, there 
is limited potential for natural recruitment to recover K. flavescens in the Manito cluster with conservation 
of habitat alone. The delayed sexual maturity and low numbers of females will necessitate long-term 
conservation efforts aimed at maintaining suitable habitat and arresting adult mortality. 
Summary 
The results of my surveys indicate a steady decline in numbers of K. flavescens in the Manito 
cluster despite efforts directed at the conservation of this species. Although low capture rates prevent the 
use of traditional mark-recapture methods to estimate population size, the low numbers of adult 
individuals captured despite an increase in trap-effort suggests that the populations of K. flavescens 
studied are in decline. The low numbers of K. flavescens inhabiting small wetlands in a fragmented 




Spatial and microhabitat characteristics of terrestrial locations  
used by Kinosternon flavescens in Mason and Tazewell counties, Illinois 
 
Introduction 
Kinosternon flavescens is an aquatic turtle that has adapted to xeric environments by migrating 
between ephemeral wetlands used for foraging and sand prairies used for aestivation, nesting and 
overwintering (Ernst and Lovich, 2009). Tuma (2006) observed that K. flavescens in Henry Co., Illinois 
emerged from hibernation burrows in the spring of 1993 from 29 April to 24 May to begin their annual 
period of aquatic activity. Depending on weather and hydroperiod of wetlands, K. flavescens may 
periodically leave wetlands during the active season from late April through September to form shallow 
aestivation burrows in nearby sand prairies (Moll, 1980, 1988; Tuma, 2006). This behavior has been 
observed even if permanent aquatic habitat is available and some turtles may return to wetlands and 
resume aquatic activity if ephemeral wetlands become available in late summer (Christiansen et al., 1985; 
Iverson, 1990; Tuma, 2006). Tuma (2006) observed frequent movements by aestivating turtles to new 
burrow locations until October, when all radio-tracked turtles had returned to terrestrial habitats and had 
begun to dig deeper into their burrows for overwintering. Because K. flavescens depends heavily on sand 
prairies as refuge when the ephemeral wetlands they use for foraging dry up, the conservation of suitable 
terrestrial habitats is critical to its survival in Illinois. 
One of the few remaining populations of K. flavescens in Illinois occurs in Mason and Tazewell 
counties near the town of Manito and has been referred to as the Manito cluster (Christiansen et al., in 
press). The Manito cluster lies in the central Illinois range of K. flavescens, where much of the landscape 
has been modified for agricultural use. Landscape modification includes draining of natural wetlands and 
conversion of native prairie to row crops and secondary grasslands. The Illinois Department of Natural 
Resources (IDNR) Critical Trends Assessment Program (CTAP) monitors land cover and habitat 
condition throughout Illinois and has classified approximately 65 % of the land cover in Mason and 
Tazewell counties as cropland (IDNR, 1996). In contrast, grassland habitats made up 11.6 % and 16.1 % 
of the land cover in Mason and Tazewell counties, respectively (IDNR, 1996). However, habitats 
classified as grassland include both primary (i.e., native prairie) and secondary (i.e., pasture) grasslands 
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and, while not quantified for the study site, the overall amount of native prairie remaining in the state of 
Illinois is <0.01 % (University of Illinois and Natural Land Institute, 1978). 
The recovery of K. flavescens in the Manito cluster will depend on the conservation of suitable 
aquatic and terrestrial habitats. Although the results from aquatic trapping studies (Chapter I) provide 
important data on wetland use by K. flavescens for aquatic activity (Fig. 1, 2 and 3), they do not provide 
any information on the habitats used for aestivation, nesting and overwintering. Iverson et al. (2009) 
observed that juvenile K. flavescens return to the same sand hills where they hatched and never 
observed an adult to change the sand hill used for aestivation and overwintering. Because of site fidelity, 
it is important to identify and characterize specific areas of terrestrial habitat used by K. flavescens to 
ensure that suitable habitats are conserved. The purpose of this study was to determine spatial and 
microhabitat characteristics of locations used by K. flavescens for aestivation, nesting and overwintering 
in the Manito cluster.  
Methods 
A portion of K. flavescens captured from the trapping study (Chapter I) were fitted with radio-
transmitters (Models: Holohil SB-2 and SI-2; Advanced Telemetry Systems R1655). Because of low 
numbers of turtles captured, I attached radio-transmitters on turtles opportunistically. I ensured that 
transmitters were less than 6% of the turtle’s mass before attachment to the rear of the carapace using 
PC-11® marine epoxy. 
 I checked radio-tagged turtles daily and recorded GPS coordinates in decimal degrees (North 
American Datum, 1983) at each terrestrial location using a Garmin GPS 12 unit. I used the ‘Measure’ tool 
in ArcGIS v9.3 (ESRI, 2008) to determine straight-line distance moved by radio-tracked turtles between 
telemetry locations. For movements into and out of wetlands I used the central coordinate of wetland 
polygons from the National Wetlands Inventory. I used overland movements of radio-tracked turtles 
observed in this study to define populations of K. flavescens in the Manito cluster.  
I defined locations used for aestivation as those locations where radio-tracked turtles buried into 
the ground and remained inactive for ≥ 4 days. For each aestivation location, I recorded distance to 
nearest wetland used by any K. flavescens (Fig. 1, 2 and 3), habitat, soil series (Soil Survey Geographic 
Database) and slope and aspect (Digital Elevation Model 30 m). During the 2008 and 2009 seasons I 
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recorded the percent canopy cover (overstory and understory) and percent ground cover (vegetation or 
bare) using a concave spherical densiometer. I also recorded types of vegetation and vegetation height in 
cm. 
Forty wetlands from the Forest City (n = 18), Green Valley (n = 16) and North (n = 6) sub-clusters 
were buffered by 530 m (the maximum observed distance of a terrestrial dormancy location to the nearest 
wetland used by any K. flavescens) in ArcGIS v9.3 (ESRI, 2008). I classified terrestrial habitats into five 
categories; Agriculture, Developed, Forest, Grassland and Savannah. Habitat classifications were 
determined using aerial photographs (National Agriculture Imagery Program) and confirmed by ground 
truthing. Because of the importance of sandy soils for K. flavescens (Ernst and Lovich, 2009), terrestrial 
habitats within the 530 m buffer were clipped by a polygon layer of soil series including Bloomfield, 
Coloma and Plainfield sands (Soil Survey Geographic Database) using ArcGIS v9.3 (ESRI, 2008).  
Results 
Twenty-five K. flavescens were radio-tracked during this study, including five turtles tracked in 
multiple years. Average total distance moved overland per individual was 427.7 m (Table 4). No turtles 
moved between clusters, but five turtles moved among wetlands. Because of the small number of annual 
unique locations per turtle (Mean = 4.3, n = 30), I did not attempt to determine individual home ranges. 
Based on overland movements of turtles observed in this study and the large distance between sub-
clusters of wetlands, I have classified each sub-cluster as a single population of K. flavescens divided into 
sub-populations. The K. flavescens population in the Forest City sub-cluster was divided into two sub-
populations, one using wetlands 6, 39 and 39A (Fig. 7) and a second using wetlands 53, 53B, 53C and 
53E (Fig. 8). The K. flavescens population in the Green Valley sub-cluster was divided into two sub-
populations, one using wetlands 13, 14 (Fig. 9), 55A, 55B and 80 (Fig. 10) and a second using Wetland 
16 (Fig. 11). The K. flavescens population in the North sub-cluster was divided into two sub-populations, 
one using Wetland 86 (Fig. 12) and a second using Wetland 69 (the turtle captured was not radio-
tracked).  
Forty telemetry locations were classified as aestivation locations (2007, n = 5; 2008, n = 17; 2009, 
n = 18). All occurred in Grassland (n = 38) or Savannah (n = 2) habitats (Table 5). Thirty-seven terrestrial 
dormancy locations occurred on the Plainfield Sand soil series (Table 5). Aspect of locations used for 
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terrestrial dormancy were East (n = 18), South (n = 13) and North (n = 8) facing slopes, with one location 
occurring on flat ground (Table 6). Average percent slope for dormancy locations was 21.1 % (Table 7). 
Average distance of dormancy locations from the nearest wetland used by any K. flavescens was 169.9 
m (SD = 127.1, n = 40) with a maximum observed distance of 530 m (Appendix E).  
Micro-habitat measurements were taken at 35 locations during the 2008 and 2009 field seasons. 
Average percent canopy cover was 1.8 % for overstory and 0.4 % for understory (Table 7). Observed 
vegetation types consisted primarily of grasses, forbs, and prickly pear cactus (Appendix F) with an 
average vegetation height of 46.4 cm (Table 7). Average percent ground cover was 85.0 % vegetation 
and 15.0 % bare ground (Table 7). 
The Dominant habitat classifications for all three sub-clusters were Agriculture, Forest and 
Grassland. All wetlands in the Manito cluster were heavily impacted by agriculture with an average of 
47.4 % of land cover on sandy soils classified as Agriculture (Table 8). Forest habitat made up an 
average of 21.6 % of land cover on sandy soils for all three sub-clusters combined (Table 8). Grassland 
habitat made up an average of 25.1 % of land cover on sandy soils for all three sub-clusters combined 
(Table 8). 
Discussion 
Because of the small size of remaining populations in the Manito cluster (Chapter I) conservation 
of habitat alone is insufficient to recover K. flavescens. However, habitat conservation is an important 
measure that will be necessary for other recovery efforts to be effective. Because K. flavescens exhibits a 
high level of site fidelity (Iverson, 1991; Iverson et al., 2009; Tuma, 2006) habitat conservation must focus 
not only on conserving suitable habitats, but must ensure that the specific areas currently used by K. 
flavescens are conserved. Recovery of declining populations of K. flavescens in the Manito cluster will 
require a focused effort aimed at conserving habitats used by turtles and increasing the amount of 
available habitat.  
Initial efforts of habitat conservation should focus on the conservation and maintenance of areas 
currently used by K. flavescens in each of the three sub-clusters. Information collected on locations used 
by K. flavescens for aestivation, nesting and overwintering suggests conservation efforts should focus on 
areas near occupied wetlands where sandy soils are present, particularly the Plainfield Sand soil series. 
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Vegetation on these areas should be maintained as sparsely vegetated grassland with 0 % canopy cover 
and a ratio of approximately 85 % vegetation to 15 % exposed sand. The most important conservation 
measure to maintain the suitability of terrestrial habitats for K. flavescens will be to prevent the 
encroachment of woody species (Moll, 1980; Tuma, 2006). None of the turtles radio-tracked in this study 
were observed to use forested habitat, despite its availability in the landscape. These steps can be 
accomplished by working with private landowners to enroll suitable properties in conservation programs 
and/or by purchasing property from willing landowners. However, the purchase of property in the Manito 
cluster should only be pursued if the IDNR is willing and able to commit the resources necessary to 
conserve and maintain the property’s suitability for K. flavescens into the future.   
The information collected on locations used for aestivation and overwintering will aid in directing 
the restoration of areas where K. flavescens occurred historically. It is suspected that K. flavescens has 
been extirpated from wetlands 9, 9A and 9C, despite its ownership by the IDNR (Chapter I). Despite the 
presence of suitable soils (Plainfield Sand) and grassland habitat, the grassland cover that remains does 
not occur on the sandy soils that K. flavescens requires for aestivation, nesting and overwintering 
meaning no suitable terrestrial habitat occurs near these wetlands. However, K. flavescens is known to 
have occurred at these wetlands and this property would be ideal for restoration. Management to restore 
grassland habitat should focus on sandy soils to increase the amount of terrestrial habitat available to K. 
flavescens for aestivation, nesting and overwintering. However, results from the radio-telemetry study 
suggests that K. flavescens does not move through forest habitat and removing woody species will 
increase the possibility of K. flavescens colonizing wetlands 9, 9A and 9C from nearby wetlands (Fig. 1). 
Because of the philopatric nature of K. flavescens, natural re-colonization may not occur even if grassland 
habitat surrounding wetlands 9, 9A and 9C is restored. 
Because of the extreme site fidelity of K. flavescens, translocation of adult turtles is unlikely to 
succeed. Both Moll (1980) and Tuma (1993) attempted to translocate adult turtles fitted with radio-
transmitters and both attempts were unsuccessful. The only way to reintroduce K. flavescens to newly 
restored wetlands is to release hatchling or head-started juveniles (Moll, 1988). Although this may be an 
attractive option for augmenting or re-establishing K. flavescens populations on state owned properties 
such as Wetland 6 and wetlands 9, 9A and 9C, such measures should only be pursued once extant 
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populations have been stabilized and habitat at these wetlands has been restored. Because of the life 
history of K. flavescens, declining populations in the Manito cluster will not respond quickly to changes in 
survival or numbers of juveniles and the release of juveniles will not offset the declining numbers of adult 
turtles (Heppell et al., 1996). Additionally, there are no known populations of K. flavescens in the Midwest 
large enough to support the removal of eggs or juvenile turtles for use as propagules (Christiansen et al., 
in press). 
Summary 
The agriculture dominated landscape of Mason and Tazewell counties leaves little terrestrial 
habitat suitable for K. flavescens. Because K. flavescens is a highly philopatric species it will be important 
to focus initial habitat conservation on areas currently used by K. flavescens. Although conservation of 
habitat alone will not be sufficient to recover K. flavescens in the Manito cluster, it is a necessary step for 





Connectivity among populations of  
Kinosternon flavescens in Mason and Tazewell counties, Illinois 
 
Introduction 
Connectivity among wildlife populations is important for maintaining genetic diversity and 
demographic stability (Fahrig and Merriam, 1985; Gibbs, 2000). In central Illinois, populations of 
Kinosternon flavescens are continuing to decline despite protection of suitable habitat. Trapping surveys 
(Chapter I) and radio-telemetry observations (Chapter II) were carried out to determine the current status 
of K. flavescens in Mason and Tazewell counties, Illinois. The populations studied have been described 
by Christiansen et al. (in press) as the Manito cluster and represent one of two remaining population 
clusters in Illinois. Because of the small size of wetlands in the Manito cluster (Mean = 0.39 ha, SD = 
0.48, n = 40) and low numbers of K. flavescens captured in surveys carried out from 2007-2009 (Table 1) 
it is unlikely that conservation of individual wetlands and adjacent sand prairies will be enough to recover 
K. flavescens to sustainable levels. There has been a growing understanding of the importance of habitat 
connectivity in maintaining stable turtle populations (Bowne et al., 2006; Roe and Georges, 2007; Roe et 
al., 2009) and managing for connectivity among wetlands in the Manito cluster will enhance the genetic 
diversity and demographic stability of remaining K. flavescens populations. 
Graph theory is a mathematical framework dealing with connectivity and flow of networks that has 
recently been applied to ecological systems to aid in the interpretation of connectivity among habitat 
patches in landscapes (Bunn et al., 2000; Minor and Urban, 2008; Urban and Keitt, 2001; Urban et al., 
2009). In ecological applications of graph theory, a graph provides a model of habitat patches in a 
landscape by representing individual habitat patches as vertices and connections between vertices 
represented as edges (Urban and Keitt, 2001; Urban et al., 2009). Network analysis is a subset of graph 
theory that deals with functional relationships among vertices of a graph (Urban et al., 2009). The 
purpose of this study was to use network analysis to evaluate wetlands in the Manito cluster as part of a 
larger whole and not as individual patches of aquatic habitat.  
Methods 
I performed a network analysis of wetlands in the Manito cluster by creating a graph of wetlands 
in each of the three sub-clusters where trapping surveys were carried out (Chapter I). Three graphs were 
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created by treating each wetland in the Forest City (Fig. 1), Green Valley (Fig. 2) and North (Fig. 3) sub-
clusters as a vertex. I created edges between vertices using distances of 180, 415 and 650 m. Edge 
distances were based on the average distance of inter-wetland movements (415.9 m) +/- one standard 
deviation (SD = 236.7 m, n = 9) observed using radio-telemetry (Chapter II). I used the network 
measurements articulation and closeness centrality to evaluate the connectivity of wetlands in the Forest 
City, Green Valley and North sub-clusters of the Manito cluster. I also used wetland size to evaluate each 
individual wetland’s importance as an isolated patch of aquatic habitat. 
Articulation measures the importance of a vertex in maintaining connectivity across the graph. 
Articulation points are defined as vertices that, once removed, disconnect or isolate other vertices in the 
graph (de Nooy et al., 2005). Wetlands with a high articulation score indicate wetlands that are needed as 
‘stepping stones’ to allow movement of K. flavescens among other wetlands in the landscape. I used the 
program Pajek v1.26 (Batagelj and Mrvar, 2010) to identify articulation points using the 415 and 650 m 
edges. Articulation ranks for wetlands were based on the 415 and 650 m networks and the number of 
other wetlands isolated from the network by their removal (Table 9).  
Centrality measures the degree of connectivity between a vertex and other vertices in the graph. 
There are several types of centrality that can be calculated for a vertex and the closeness centrality was 
selected for use in this study because it represents the total distance between one vertex and all other 
vertices in the graph (de Nooy et al., 2005). Wetlands with a high closeness centrality indicate wetlands 
that are easier for K. flavescens to reach from other wetlands in the network. I used Pajek v1.26 (Batagelj 
and Mrvar, 2010) to calculate the closeness centrality of each wetland connected by 650 m edges. I 
ranked each wetland by its closeness centrality score from 1 (lowest) to 4 (highest). I used the ‘Natural 
Breaks (Jenks)’ in ArcGIS v9.3 (ESRI, 2008) to rank values because the natural breaks method uses 
natural groupings in the data to maximize the differences between classes (ESRI, 2008).  
Size of individual wetlands indicates the amount of aquatic habitat that wetland provides for K. 
flavescens. Although not a measure of connectivity, the size of a wetland can be used to represent the 
importance of individual wetlands as aquatic habitat. Wetlands that are larger can presumably support 
more K. flavescens than smaller wetlands. I calculated the surface area of each wetland using ArcGIS 
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v9.3 (ESRI, 2008) and the National Wetlands Inventory. I ranked each wetland by size from 1 (lowest) to 
4 (highest) using the ‘Natural Breaks (Jenks)’ in ArcGIS v9.3 (ESRI, 2008). 
Results 
The minimum straight line distances separating each of the three sub-clusters was 4012 m 
between the Forest City and North sub-clusters, 9627 m between the Forest City and Green Valley sub-
clusters and 9148 m between the Green Valley and North sub-clusters. Two groups of wetlands were 
connected by 650 m edges, one in the Forest City sub-cluster and a second in the Green Valley sub-
cluster. I will refer to these two groups of wetlands as the Forest City graph and the Green Valley graph 
when referring to the results of the network analysis. The Forest City and Green Valley graphs included 
most of the wetlands in their respective sub-clusters (Fig. 13 and 14) and all but one wetland, Wetland 16, 
where K. flavescens was captured from the trapping study (Chapter I). None of the wetlands in the North 
sub-cluster were connected and no further analysis was performed for this sub-cluster. 
In the Forest City graph 16 of 18 wetlands were connected by 650 m edges and two groups of 
wetlands (n = 4 and 8) were connected by 415 m edges (Fig. 13). Wetland 39B was the most important 
articulation point with a rank of 4 (Table 10). Average closeness centrality of wetlands was 6.88 (SD = 
1.41, n = 16) and the maximum value was 9.00 for Wetland 9A (Table 10). Average size of wetlands was 
0.38 ha (SD = 0.40 ha, n = 16) and the largest wetland was Wetland 9 at 1.58 ha (Table 10). 
In the Green Valley graph 14 of 16 wetlands were connected by 650 m edges and two groups of 
wetlands (n = 4 and 6) were connected by 415 m edges (Fig. 14). Wetlands 80 and 92 were the most 
important articulation points with a rank of 4 (Table 10). Average closeness centrality of wetlands was 
4.95 (SD = 0.93, n = 14) and the maximum value was 6.50 for Wetland 80 (Table 10). The average size 
of wetlands was 0.29 ha (SD = 0.30 ha, n = 14) and the largest wetland was Wetland 80 at 1.20 ha (Table 
10). 
Discussion 
Management of individual wetlands fails to consider movements of K. flavescens among wetlands 
and such movements are important in maintaining the genetic and demographic diversity of populations 
(Fahrig and Merriam, 1985; Gibbs, 2000). Based on observed movements (Chapter II) and results of the 
network analysis, wetlands in the Forest City and Green Valley sub-clusters are connected to varying 
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degrees by the movements of individuals. In contrast, wetlands in the North sub-cluster are more isolated, 
with little if any connectivity among wetlands where K. flavescens have been captured recently.  
In the Forest City graph, Vertex 39B provides the only connection between vertices 6, 39 and 39A 
and all other vertices in the Forest City graph using an edge distance of 650 m (Fig. 13). The importance 
of Vertex 39B as an articulation point in the Forest City graph suggests that Wetland 39B should be 
conserved to maintain connectivity between K. flavescens using wetlands 6, 39 and 39A (Fig. 7) and K. 
flavescens using wetlands 53, 53B, 53C and 53E (Fig. 8). The high closeness centrality values of vertices 
9 and 9A indicates that these vertices are well connected to other vertices in the Forest City graph 
suggesting that restoration efforts at Wetlands 9 and 9A will benefit K. flavescens in the Forest City sub-
cluster by providing additional aquatic habitats that are well connected to other wetlands in the Forest City 
sub-cluster. The large size of Wetland 9 indicates that it has great potential for providing additional 
aquatic habitat for K. flavescens in the Forest City sub-cluster once adjacent terrestrial habitat has been 
restored. Wetlands 9, 9A and 9C are owned and managed by the IDNR, but trapping surveys from 2007-
2009 suggest that K. flavescens has been locally extirpated from these wetlands (Table 1). However, 
based on the capture of K. flavescens from surveys conducted by Ed Moll (Appendix A) and IDNR 
Natural Heritage Biologists (Appendix B) and the presence of suitable soils (Chapter II), this property 
would be ideal for habitat restoration and possible reintroduction of K. flavescens. The large size of 
Wetland 9 and the high connectivity of wetlands 9 and 9A suggest that restoration efforts would not only 
increase the amount of aquatic and terrestrial habitat available to K. flavescens in the Forest City sub-
cluster, but also increase connectivity among wetlands currently used by K. flavescens. Increasing the 
connectivity among wetlands will help to increase the genetic diversity and demographic stability of K. 
flavescens in the Forest City sub-cluster. 
In the Green Valley graph Vertex 80 is important with respect to articulation and closeness 
centrality. The high ranking of Wetland 80 in the network analysis, the capture of K. flavescens at 
Wetland 80 (Table 1) and the observed movements of radio-tracked individuals to and from this wetland 
(Fig. 10) demonstrate that conservation of aquatic and terrestrial habitat at Wetland 80 will be critically 
important for the successful recovery of K. flavescens in the Green Valley sub-cluster. None of the 
wetlands used by K. flavescens in the Green Valley sub-cluster are protected or managed for the 
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conservation of K. flavescens. Although direct purchase of Wetland 80 and adjacent upland habitat by the 
IDNR is an option, it should only be pursued if the IDNR is willing and able to commit the resources 
needed to maintain suitable aquatic and terrestrial habitat for K. flavescens.  
Summary 
As more attention is given to ecological processes at larger spatial scales we are beginning to 
understand how populations are affected by the spatial distribution and connectivity of their habitat in the 
landscape. Graph theory can be used to model landscapes, increasing our understanding of the 
connections among habitat patches. Understanding the connections among habitats will lead to more 
informed management decisions and conservation of habitat not as discrete units, but with respect to the 
landscape as a whole. Understanding and managing the landscape to increase connectivity among 
habitat patches may help to offset the problems of inbreeding depression and demographic stochasticity 
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Table 3. Numbers of unmarked and marked adult and juvenile Kinosternon flavescens captured from  
 2007-2009. Wetlands are grouped by sub-cluster. 
 
 Adults Adults   
Wetland ID Unmarked Marked Juveniles Total 
Forest City     
6 - 1 - 1 
39A 3 - - 3 
53 1 3 7 11 
53B - 1 - 1 
53C - 1 - 1 
Total 4 6 7 17 
Green Valley      
13 3 3 - 6 
14 - 1 - 1 
16 3 4 7 14 
55A - - - - 
55B 1 - - 1 
80 4 - 2 6 
Total 11 8 9 28 
North     
69 1 - - 1 
86 6 - - 6 
Total 7 - - 7 
Grand Total 22 14 16 52 
 
 
Table 4. Average total overland distances moved by Kinosternon flavescens radio-tracked from 2007- 
 2009. Turtles are separated into Male, Female and Juvenile sex/stage classes and grouped by    
 sub-cluster. 
 
Sex/Stage Mean (m) SD Min (m) Max (m) n 
Forest City      
Males 490.5 540.4 144 1547 6 
Females 574.4 464.4 156 1184 4 
Juveniles - - - - - 
Combined 524.0 485.8 144 1547 10 
Green Valley      
Males 569.3 841.7 39 2311 8 
Females 276.6 204.2 63 704 9 
Juveniles 81.0 - - - 1 
Combined 432.6 582.1 39 2311 18 
North      
Males - - - - - 
Females 233.5 85.4 173 294 2 
Juveniles - - - - - 
Combined - - - - - 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 10. Articulation rank, closeness centrality value, and area of wetlands in the Forest City and Green  
   Valley graphs. 
 
 Articulation Closeness Area (ha) 
 Rank Centrality  
Forest City    
6 1 4.89 0.32 
9 2 8.65 1.58 
9A 1 9.00 0.85 
9B 1 6.82 0.19 
9C 1 6.25 0.87 
39 2 4.89 0.27 
39A 2 4.89 0.61 
39B 4 6.62 0.13 
53 1 5.63 0.26 
53A 2 8.65 0.12 
53B 1 7.26 0.15 
53C 1 7.50 0.15 
53D 1 5.63 0.16 
53E 1 7.76 0.19 
84 2 8.33 0.21 
87 1 7.26 0.17 
Average 1.5 6.88 0.39 
Green Valley    
13 2 3.93 0.27 
13A 2 5.12 0.04 
14 1 3.84 0.04 
55A 1 6.04 0.48 
55B 3 6.26 0.38 
55C 2 4.97 0.15 
80 4 6.50 1.20 
88 1 3.60 0.08 
89 1 4.57 0.48 
90 3 4.83 0.35 
91 1 4.69 0.08 
92 4 6.04 0.09 
93 1 4.57 0.13 
94 1 4.33 0.25 
Average 1.9 4.95 0.29 
Grand Mean 1.7 5.98 0.34 







Figure 1. Wetlands in the Forest City sub-cluster by survey status and presence of Kinosternon  






Figure 2. Wetlands in the Green Valley sub-cluster by survey status and presence of Kinosternon  














Figure 4. Number of Kinosternon flavescens individuals captured in relation to effort in trap-nights for the 





Figure 5. Number of Kinosternon flavescens individuals captured in relation to effort in trap-nights for the  





Figure 6. Number of Kinosternon flavescens individuals captured in relation to effort in trap-nights for the  































































































Figure 7. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry in 2009 at  
  wetlands 6, 39 and 39A. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 8. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry from 2007-2009  
  at wetlands 53, 53B, 53C and 53E. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 9. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry from 2007-2009  
  at wetlands 13 and 14. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 10. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry from 2008-2009  
    at wetlands 13, 55A, 55B and 80. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 11. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry from 2007-2009  
    at Wetland 16. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 12. Terrestrial locations of Kinosternon flavescens observed using radio-telemetry in 2009 at  
    Wetland 86. 
 
 
Arrows indicate direction of movement from previous location, circles indicate locations where  
turtles stayed <4 days, squares indicate locations where turtles stayed ≥4 days. 
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Figure 13. Network analysis of the Forest City sub-cluster. 
 
 
Network 180, 415 and 655 indicate the edge distances connecting vertices, rank indicates the  
importance of each measurement from 1 (lowest) to 4 (highest), Articulation is represented by  
the smallest circle at each vertex in the graph, Centrality is represented by the second largest  
circle at each vertex in the graph, Size is represented by the largest circle at each vertex in the  
graph, black circles indicate wetlands in the sub-cluster that were not connected in the graph. 
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Figure 14. Network analysis of the Green Valley sub-cluster. 
 
 
Network 180, 415 and 655 indicate the edge distances connecting vertices, rank indicates the  
importance of each measurement from 1 (lowest) to 4 (highest), Articulation is represented by  
the smallest circle at each vertex in the graph, Centrality is represented by the second largest  
circle at each vertex in the graph, Size is represented by the largest circle at each vertex in the  






Number of Kinosternon flavescens captured by  
Ed Moll from 1979-1988 in Mason and Tazewell counties, Illinois 
 
Wetland ID Year M F J Total 
Forest City      
6 & 39 1979 2 - 2 4 
6 & 39 1980 7 8 1 16 
6 & 39 1982 4 - 3 7 
6 & 39 1985 3 1 - 4 
6 & 39 1988 9 4 7 20 
9, 9A, 9B & 9C 1979 6 - - 6 
9, 9A, 9B & 9C 1980 3 - - 3 
9, 9A, 9B & 9C 1982 - - - - 
53, 53A, 53B, 53C & 53D 1982 - 1 - 1 
Green Valley      
13 & 14 1979 2 3 - 5 
13 & 14 1982 - - - - 
13 & 14 1988 5 1 - 6 
16 1979 3 4 - 7 
16 1982 - - - - 
55A, 55B & 55C 1982 1 - - 1 
55A, 55B & 55C 1988 4 - - 4 
North      
11, 11A 1979 1 - - 1 





APPENDIX B:  
Number of Kinosternon flavescens captured in by IDNR  
Natural Heritage Biologists from 1992-2001 in Mason and Tazewell counties, Illinois 
 
Wetland ID Year M F J Total 
Forest City      
6 & 39 1992 5 - 3 8 
6 & 39 1995 3 2 1 6 
6 & 39 1997 1 - - 1 
6 & 39 1998 2 1 - 3 
6 & 39 2001 - 1 - 1 
9, 9A, 9B & 9C 1992 1 1 - 2 
9, 9A, 9B & 9C 1993 - 1 - 1 
9, 9A, 9B & 9C 1995 - - - - 
9, 9A, 9B & 9C 1997 - - - - 
53, 53A, 53B, 53C & 53D 1992 6 9 - 15 
53, 53A, 53B, 53C & 53D 1995 7 12 - 19 
53, 53A, 53B, 53C & 53D 1997 - - - - 
53, 53A, 53B, 53C & 53D 1999 1 1 - 2 
53, 53A, 53B, 53C & 53D 2001 2 1 - 3 
Green Valley      
13 & 14 1993 1 4 - 5 
13 & 14 1998 2 3 - 5 
13 & 14 2000 1 - - 1 
16 1993 2 6 3 11 
16 1997 1 1 - 2 
16 1998 2 1 - 3 
16 2000 - 2 - 2 
16 2001 2 - - 2 
55A, 55B & 55C 1993 - - - - 
55A, 55B & 55C 1998 2 - - 2 
North      
11, 11A 1993 - - - - 
69 1998 - - - - 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Percent land cover of terrestrial habitats on Bloomfield, Coloma or Plainfield Sand  
Soil Series inside a 530 m buffer of the edge of wetlands in Mason and Tazewell counties, Illinois 
 
Sand is the amount of total land cover inside the 530 m buffer of wetlands classified as Bloomfield, 
Coloma or Plainfield Sand Soil Series, wetlands are grouped by sub-cluster. 
 
 
Wetland ID Agriculture (%) Developed (%) Forest (%) Grassland (%) Savannah (%) Sand (%) 
Forest City 
6 25.4 4.6 11.7 56.9 1.4 50.6 
7 16.4 6.3 25.4 51.9 0.0 25.0 
9 16.8 3.5 69.1 7.5 3.1 69.9 
9A 11.3 3.5 75.9 8.6 0.7 69.3 
9B 26.9 1.4 56.7 15.0 0.0 56.2 
9C 10.8 6.8 75.0 7.4 0.0 60.6 
39 28.6 5.6 11.8 52.7 1.3 51.1 
39A 54.6 8.3 12.5 24.5 0.1 34.8 
39B 46.2 5.6 29.9 10.3 8.0 50.0 
53 19.0 12.8 28.1 40.1 0.0 66.5 
53A 21.5 3.2 48.6 15.9 10.8 69.0 
53B 51.1 0.0 37.5 10.6 0.8 63.6 
53C 48.7 0.0 38.7 11.8 0.8 63.2 
53D 47.2 0.0 31.3 21.5 0.0 61.9 
53E 44.0 0.0 42.8 12.5 0.7 57.9 
54 35.2 22.0 35.0 4.5 3.3 71.2 
84 20.9 6.4 46.7 16.7 9.3 67.8 
87 30.6 7.3 24.5 25.8 11.8 72.3 
Green Valley       
13 49.5 1.9 1.1 47.5 0.0 40.3 
13A 50.1 1.6 1.1 47.2 0.0 39.9 
14 58.5 0.0 1.1 40.4 0.0 42.4 
16 26.6 3.5 25.8 32.1 12.0 49.9 
55A 75.2 0.9 4.3 19.6 0.0 46.8 
55B 74.8 1.1 2.0 22.1 0.0 40.7 
55C 77.5 1.3 0.0 21.2 0.0 43.5 
80 56.0 0.0 6.5 37.5 0.0 50.9 
81 32.4 0.0 30.3 37.3 0.0 54.0 
88 71.9 23.6 2.8 1.7 0.0 17.5 
89 87.8 1.6 0.0 10.6 0.0 8.8 
90 78.8 0.0 0.0 21.2 0.0 11.6 
91 54.4 0.0 0.8 44.8 0.0 20.2 
92 48.4 0.0 4.1 47.5 0.0 32.0 
93 52.0 4.2 0.9 42.9 0.0 24.6 
94 72.8 2.4 0.0 24.8 0.0 24.2 
North       
11 67.7 8.2 22.0 2.1 0.0 68.6 
11A 79.2 0.0 11.0 9.8 0.0 41.8 
69 48.2 14.5 6.8 30.5 0.0 46.5 
82 48.4 4.2 29.9 17.5 0.0 34.1 
83 55.1 4.5 8.2 30.1 2.1 40.1 
86 75.2 1.1 2.4 21.3 0.0 33.6 
 
